Dose-dependent alterations in gene expression in mouse liver induced by diethylnitrosamine and ethylnitrosourea and determined by quantitative real-time PCR.
We examined the dose-dependency of gene expression changes for 51 genes in mouse liver treated with two N-nitroso genotoxic hepatocarcinogens, diethylnitrosamine (DEN) and ethylnitrosourea (ENU) by quantitative real-time PCR (qPCR). DEN (3, 9, 27 and 80mg/kg bw) or ENU (6, 17, 50 and 150mg/kg bw) was injected intraperitoneally into groups of five male 9-week-old B6C3F(1) mice and the livers were dissected after 4h and 28 days. Total RNA from pooled livers was reverse-transcribed to cDNA and the amount of each gene was quantified by qPCR. Results were analyzed by hierarchical and k-means clustering and ingenuity pathway analysis (IPA). The most characteristic result was a similar dose-dependency of gene expression changes with DEN and ENU. Twenty-one genes exhibited a distinct dose-dependent increase in expression at 4h for both carcinogens [Bax, Btg2, Ccng1, Cdkn1a, Cyp4a10, Cyp21a1, Fos, Gadd45b, Gdf15, Hmox1, Hspb1, Isg20l1, Jun, Mbd1, Mdm2, Myc, Net1, Plk2, Ppp1r3c, Rcan1 and Tubb2c], although the increase in gene expression due to ENU was generally weaker than that due to DEN. Only Gdf15 showed a dose-dependent increase in expression at 28 days for both carcinogens. The differences between DEN and ENU were in the expression of additional genes (7 for DEN and 8 for ENU). IPA extracted five gene networks: Network-1 included genes related to cancer and cell cycle arrest and associated with Bax, Btg2, Ccng1, Cdkn1a, Gadd45b, Gdf15, Hspb1, Mdm2 and Plk2 and Network-2 was related to DNA replication, recombination, repair and cell death and associated with Cyp21a1, Gdf15, Ppp1r3c, Rcan1 and Tubb2c. The present results show a distinct dose-dependency of gene expression changes induced by DEN and ENU. These changes were associated with cancer, cell cycle arrest, DNA replication, recombination, repair and cell death and were seen not only at 4h but also, for some, at 28 days after administration.